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ABSTRACT

Several changes have been made in the BCMASP (Bellcomm
Apollo Simulation Program) simulator for Saturn IB earth-orbital
missions. The most significant modification was the adjustment
of the first-stage thrust model to correct an apparently systematic
discrepancy between BCMASP and Chrysler Corporation trajectories.
With the new thrust function BCMASP-calculated payloads agree to
within .5% of those by Chrysler for mission altitudes of interest
to AAP, viz. 81 to 260 nm.

Other modifications to the program include the option
to simulate SLA/Nose Cone jettison during powered flight as is

currently baselined for unmanned AAP flights.
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I. INTRODUCTION

A computer program extending the capability of the BCMASP
simulator to handle Saturn IB trajectories has been reported in
Reference 1. The simulator is currently being used for a variety
of engineering studies of AAP missions. Where possible, checks
against Preliminary Reference Trajectories (PRT's) generated by
Chrysler Corporation for MSFC are made to establish a satisfactory
level of confidence in the validity of the BCMASP simulator output.
Such tests revealed an apparently systematic discrepancy with in-
creasing orbital altitude between the simulator output and the
Chrysler trajectories.

It was quickly determined that the BCMASP simulator out-
put is very sensitive to the booster thrust model used. While it
is recognized that propulsion tapes generated from test data and a
computer model of the booster propulsion system by the P & VE
Laboratory of MSFC are used in the production of the PRT, an effort
was undertaken to synthesize an analytical representation of the
booster propulsion performance which would yleld simulator results
more consistent with the PRT's.

In addition to modifying the thrust function, an option
was incorporated into the BCMASP simulator which permits the simu-
lation of AAP missions which have the SLA/Nose Cone Jjettisoned
during boost. These and other changes made to the simulator are
detailed below.

IT. MODIFICATIONS IN THE THRUST EQUATION

At 1liftoff the H-1 engines of the S-IB stage are not pro-
ducing full rated thrust. The pumps, etc. continue to accelerate
for a short time. In addition, as the ambient pressure drops with
increasing altitude, a "pressure component" of thrust 1s added. This
thrust buildup of the first stage is implemented in the simulator
with the use of an exponential function of time in the thrust equation
for the first 32 seconds of flight according to

-(C

THRUST = C1 <11 - e

+ C.t)
2 3 +Cy- (P, - P) , 0 <t <32 (1)
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P and PO denote the ambient and sea level atmospheric pressures
respectively, and t is the time from launch. The exponential
r -(c, + c3t)’l
term in (1), Cl’{l - e j » replaces a gquadratic func-
tion of time used previously and results in a more rapid build-
up of the thrust. The constants Cl’ Cg, and C3 which appear in
(1) are characteristic of the performance capabilities of the
booster first stage and were selected to achieve a high degree

of agreement between the thrust profiles of the PRT and the
BCMASP simulation of the PRT. CM was determined from similar

conslderations and reflects the total nozzle-exit-plane area
of the eight H-1 engines.

From 32 seconds until approximately 100 seconds after
liftoff, the thrust function is given simply by '

THRUST = C5 + Cu.(Po - P), 32 <t <100 (2)

-(02 + C3t)
where C5 is equal to Cl- 1 -3

insure a smooth transition from (1) to (2).

at 32 seconds to

Toward the end of the first-stage burn, reduced LOX
density due to heating and stratification in the long cylindrical
tanks causes a reduction in thrust. Another contributing factor
is a drop in net suction head pressure at the turbopump inlet due
to decreasing quantities of propellant remalning in the tanks.
Therefore, for the duration of the first stage powered flight
after 100 seconds, an additional term had been added to (2) in
Reference 1 to simulate this decrease in thrust. The use of
this term has been retained in the thrust function along with the
same set of matching constants.

The BCMASP subroutines, "SIMTGT" and "DIFEQ", in which
the above changes were instituted can be found in Appendix B.
Figure 1 shows the net results of the modified composite thrust
function in a BCMASP simulation of the 209 PRT (Reference 3).

Determining a set of constants to generate a first-stage
thrust function for each vehicle currently assignhed to the AAP
program poses a formidable problem. However, because of the
relatively small differences in the first-stage engine performance
data for Vehicles 207 through 212 (shown in Table I), a single




BELLCOMM, INC. -3 -

first-stage thrust function (or equivalently, a standard first-
stage launch vehicle) should serve quite satisfactorily in

carrying out mission analysis studies for Vehicles 207 through
212.

Simulations made using a standard first-stage thrust
function have resulted in payloads differing by less than .5%
from studies made by Chrysler (Reference 2) as will be seen in
Section V below. For "in-house" studies, MSFC has found a thrust
function of the form shown in equation (2) for the entire first-
stage powered flight to satisfactorily meet their needs. Since
the thrust profile pictured in Figure 1 appears to more closely
simulate the actual flight conditions of a Saturn IB vehicle,
the thrust function used to generate it will continue to be used
in future Bellcomm AAP studies.

ITTI. MODIFICATIONS IN THE DRAG EQUATION

The drag equation used in the simulator has been modi-

fied to
Y 2 1323.
DRAG = 2CDpAVa + Y
1+ M
where CD = drag coefficient, p = local atmospheric density,

Va = magnitude of relative velocity of alr mass to vehicle,

A = cross-sectional area of vehicle, M = Mach number. The second
term in the drag equation compensates for a drag force of 1323
pounds at liftoff in the PRT's. The resultant drag profile for

a BCMASP simulator run and the deviation from the PRT (Reference 3)
are shown in Figure 2.

IV. UTILIZATION OF A VARIABLE FIRST-STAGE WEIGHT RATE IN THE
SIMULATOR

Data from the weight profile in the 209-PRT (Reference 3)
was used to compute the first-stage weight-rate profile until in-
board engine cut-off (IECO) in Figure 3. The incorporation of a
weight-rate table into the BCMASP simulator resulted in no over-
all improvement in duplicating payload studies of Chrysler
(Reference 2), so use of the constant weight rate which ylelded
good results has been retained in the BCMASP simulator. Although
the areas (or weights) under the constant weight-rate line (used
in the BCMASP simulation of the 209-PRT) and the weight-rate
curve for the 209-PRT in Figure 3 are obviously not equal, the
difference in weights is compensated for by a somewhat larger
welght rate used in the 209-PRT from IECO to outboard engine cut-
off (OECO) than the 3207.8 pounds per second used in the BCMASP
simulator.
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The buildup in weight rate early in the flight re-
flects the continued increase in turbopump speed during this
period, while the decrease in weight rate later is the mani-
festation of the LOX density decrease mentioned above. The
shaded peak in Figure 3 with an area of roughly 1050 pounds
apparently comes from the dissipation of some 1100 pounds of
frost which 1s present on the vehicle at 1liftoff.

Utilization of a weight-rate function in the simu-
lator offers considerably more flexibility than that of a
welght-rate table; however, the recurrent problem of deter-
mining a set of coefficients for such a function which would
work iIn all cases would have to be dealt with. Future use
of a weilght-rate function in the BCMASP simulator is contem-
plated by the author.

V. COMPARISON OF BCMASP SIMULATOR WITH OTHER SIMULATORS

The wvalidity of the BCMASP simulator can best be
Judged by comparing its results with those of other simulators
of at least the same level of sophistication. Comparison
studies between the BCMASP simulator and Chrysler's for
Vehicle 209 are summarized in the following chart:

Payload-Chrysler

Orbit Payload-BCMASP (Reference 2) A(Payload)
(n.mi.) (pounds) (pounds) (pounds)
81 x 81 41731 41700 + 31
150 x 150 37233 37200 + 33
200 x 200 33302 33250 + 52
260 x 260 28053 28150 - 97

Using the same first stage (constant) weight rate and thrust
funection in the BCMASP simulator for Vehicle 207 as was used
in the above simulations for Vehicle 209 again resulted in
payload differences of less than .5% as shown by:

81 x 120 40336 ko200 +136
150 x 150 36216 36150 + 66
200 x 200 32344 32300 + by
260 x 260 27194 27300 -106

where the columns retain the same meaning used above. Weight
and engine performance data used in the above comparison studies
was assembled from References 2-4.

Good agreement was also reached with simulations
made by MSFC's "in-house" simulator for Vehicles 208 (Reference
5) and 210 (Reference 6), thereby strengthening the argument
for use of a standard first-stage thrust function. A print-out
of the trajectory flown by the BCMASP simulator for the 209-PRT
model is given in Appendix B.
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All simulations were made using the maximum dynamic
pressure mode of the BCMASP subroutine "ETHORB" (c.f. Reference 1).
Little, if any, difference resulted in the trajectories when
using the (alternate) standard form of "ETHORB" which uses the
time of LES Jjettison in the targeting phase of the simulation.

VI. MODIFICATIONS TO THE BCMASP SIMULATOR REQUIRED BY CHANGES
IN THE AAP BASELINE

The present AAP baseline calls for SLA/Nose Cone
Jettison on unmanned missions. A slight change in the simu-
lator permits such missions to be flown with or without SLA/
Nose Cone jettison by simply setting "WGTLESY" in the data deck
equal to the welght of the SLA/Nose Cone assembly or zero respec-—
tively. In the manned configuration, "WGTLES" will continue to
represent the welght of the Launch Escape System (LES). The
changes were effected in such a way to permit the continued use
of distinct drag coefficient tables for the unmanned and manned
launch vehicle configurations.

Additional changes will be made in the simulator as
required by changes in the AAP baseline.

P sl
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APPENDIX A

LISTING OF RUN/DATA DECK AND SUBROUTINES MODIFIED IN THE
BCMASP SIMULATOR (REFERENCE 1) FOR SATURN IB TRAJECTORIES
(Changes to the Subroutines Are Enclosed in Boxes)




RUIN
HOO
MSG
MSG
MEG
ASG
ASG
XGT
IN

' XQT
TARGET AREA
PRINT LATER

- W W w 2w = = -

RUN/DATA DECK

JETSLOs THITHYI 7100

VER 200 PRT 260 X 240

FLFASE RETURN CUTPRUT TG FCOR 10
FOLLOWTIMG RUN REOUIRES TARE 1458
oL OWING DON BEGQUIRFS TARE 101
=1 458

£=1071

J

FOMASE

Heb

DOGHEAD=#GATURN [P LAUNCH TRAJFECTORY STy R

c

C LAUNCH VFHTOLT PARAVETERG
WeET1=1277541
FIEL1=RRLSHE o
FUFL?2=22T77%2,
WET2A=286122

WETLES=N

WCTIAG=220
AT1=1367642
XAREAL=26C.

C ENGINF PORFORMANCE PARAMETERS
TSL1=168337",
NDWGET1=6415%66
THR2A=2NEBNNN,
THR2B=23r00N,
THR2C=10r000
DWGT2A=480 794
DWGT2R=5424325%
OWGAT2C=44744738

C MISSION SPECIFIC PARAMETERS
DATEL=24299165

AL=82e6

PADLAT=284532
PADLON==8Ne565

PADRAD=?
DLTH1=-,
DLTHZ2=C,
DTHZ2=-,2
PPsIz2=n,
pLpsizZz="
ALT2R=31
FLT(T2)
FLT(O22)

PGNGBS1 473
237938

1876

2347

1351
=561
=22505528.1¢

RF0O=225Nn5528419

BTA4R=N.

¢ FVFNT TIMING PARAMFETFRS

TIMEL=N.

TKICK=1N.
VEH(69)=10",

VEH(68) =

1296374

TENGS5=1364374

TC2=6eN




RUN/DATA DECK

TMIX]1=1e7
TJTISG=1",.
TUTLES=20457%
TMIX2=20C%,
TC2=1"0,

C TOLERANCFES AND ATHFEL PARAMETERS
ACCOT=24C7R5
NFENAYl==PR 8N,
DNWDAT =~
NREL=25N,

DAL TR=N M1
ORTAGL=C "
GWGRT4=1.,.
Ki=1

K2=1

AP 47)=1
REP( 48)="

COOPTINN SELFECTION FOR TARGETING

INDTFN=]
LLAST
TFRM
PENCFEaS
LAST
ENO
t FIN

-




EQUFOR C1,C2,C3,C7

aNaNe)

DO N

SUBROUTINE SIMTGT
EQUIVALENCE

¢ (VEH(3),DWGT1)

o (VEH(6),THR2A),

o (VEH(9) 4FUEL2)

[ ]

o {VEH(12)sWGT3),
EQUIVALENCE

o (VEH(53) ¢WGTLES) ,
s (VEH(57)sTMIX1),
s {VEH(60)sTUTISG) s
o (VEH(63)+sDWGT2C) »
e (VEH(69)sTDK) s

e« {VAR(368) +yQMAX )

EQUIVALENCES FOR UPRATED SATURN

EQUIVALENCE
DIMENSION

SIMTGT

(VEH({1),TSL1)Y,
(VEH(4),FUEL1)»
(VEH({7) sWGT2A)
(VEH(10)sTC3),
(VEH(16)sTHR20}»
{VEH(13),DWGT3),
(VEH(51) sXAREAL ) »
(VEH(54) sWGTISG)
{VEH(58) +sDWGT2B) »
(VEH(61)sTJUTLES)
(VEH(64) s THR2C)
(VEH({50)9ACCO1)
{VAR(369) 4+ TMAX) »

(FLT(022) sRAPOGR) »
TQ(4))

{VEH({2)sWGT1)
(VEH(S5)sTENGS) ,
{VEH(8B) sDWGT2A),
(VEH(11)sTHR3)
(VEH(18)sDWGT20)»
(VEH(14)4,TKICK)
(VEH(52)sAT1)
(VEH(56),TC2)
(VEH(59),THR2B),
(VEH(62)sTMIX2) »
(VEH(68) s TEGT) »
(VEH(48) sDFDAL)
(VAR(370) sQSUM)

I VEHICLE

{VAR(375) sRAPOG)

LAUNCH VERTICALLY FROM THE SURFACE OF THE EARTH.

EVENT LAUNCH(START)
CRITERION(T=0.)

WS10FF=WGT1-FUEL1
WGT=WGT1

CALL ELINIT

CALL SITBI(1)

AUXEQ .
LFOFT =
THRN = TSLI + FOFT
C
C INITIATE THE GRAVITY TURN.

EVENT KICK(LAUNCH)
CRITERION(T=TKICK)

C
C

CALL IKICK

BELAY THRUST BUILDUP FUNCTION

EVENT BELAY(KICK)
CRITERION(T=32,) o ‘
| THRN = TSL1 - 1683370.*EXP(—(32.738+32.)[lOoQﬁ? )|

100

DO 100 1=1,3
TQ(I)=0.
Q(I)=0e
QMAX=0.,

AUXEQ

200

IF (QMAXoNEoOs)
Q4=
TQ(4)=T

DO 200 1=2,4
TQ(I=-1)=TQ( 1)
Q(I-1)=Q(I)

T - 1683370.%EXP(~(32,738+ T1/10+489 )|

GO TO 9910
(RHOA®*VA*%2) /288,




SIMTGT

IF{Q(1)eEQeOs) GO TO 9910
CALL INTMAX (1,TQ+QsTMAXsQMAX 4QSUM)
IFI(QMAX,EQeOe) GO TO 9910
WRITE(645101) TQ(3)4Q(3) 4, TMAXQMAX
1C1 FORMATI(5H TQ =E15.893Xs4H Q =E15483s3Xs7H TMAX =E1548493X>
e7H QMAX =E15,.8)
C
C BEGIN THRUST DECAY
C
EVENT THRDK(KICK)
CRITERION(T=TDK)

ACCO=ACCO1
DFDA=DFDA1
AUXEQ
C
C END GRAVITY TURN.,
C

EVENT ENDGT(LAUNCH)
CRITERION(T=TEGT)

1GT=0
OMEGAP=0.
OMEGAY=0.
AUXEQ
C
C SHUT DOWN THE CENTER ENGINES.
C

EVENT IBOFF(KICK)
CRITERION(T=TENGS)
CALL SITB(2)

1DRAG=0
AUXEQ
C
C SHUT DOWN THE STAGE ONE ENGINES.
C

EVENT S10FF(KICK)
CRITERION(WGT=WS10FF)

TSAV=T+TC2

1 THR=0
C
C START THE STAGE TWO ENGINES.
C

EVENT S4ON(S10FF)
CRITERION(T=TSAV)
WGT=WGT2A
ITHR=1
CALL SITB(3)
TSAV1I=T+TMIX1
TSAV2=T+TJTISG
TSAV3=T+TJTLES
TSAV4=T+TMIX2
WS4OFF=WGT2A-FUEL2-WGTLES-WGTISG

C
C FIRST S-1VB MIXTURE RATIO SHIFT.
C

EVENT MIX1(S40ONsS40FF1)




SIMTGT

CRITERION(T=TSAVI])
CALL SITB(4)
C
C JETTISON THE INTERSTAGE,
C
EVENT JETISG(S4ONsS40FF1)
CRITERION(T=TSAV2)
WGT=WGT-WGT 156
C
C JETTISON THE LAUNCH ESCAPE SYSTEM.
C
EVENTJUETLES(S40N+S40FF1)
CRITERION(T=TSAV3)
WGT=WGT~-WGTLES
OMEGAP=DTH2
CALL IPITCHI(DLTH2)
OMEGAY=DPS12
CALL IYAW(DLPSI2)
AUXEQ
V=VALUE (VX)
VCIR=SQRT (GME/R)
VOFF=VCIR*¥SQRT(2+/ (1«+R/RAPOGR))
C
C SECOND S-1vB MIXTURE RATIO SHIFT.
C
EVENT MIX2(S40N.S40FF1)
CRITERION(T=TSAV4)
CALL SITB(5)
C
C WEIGHT IS EQUAL TO WEIGHT WS4OFF
C
EVENT EMPTY(S40NsS40FF1)
CRITERION(WGT=WS40FF)
C
C SHUT DOWN THE STAGE TWO ENGINES.
C
EVENT S4OFF1(JETLES)
CRITERION(V=VOFF)
V=VALUE(VX)
I1THR=0
OMEGAY=0e
OMEGAP=0,
TSAV=T+TC3
BETAI=BETA(RXsVX)
AUXEQ
EVENT STOP(S40FF1)
CRITERION(T=TSAV)
LAST
END
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gt
N

161

‘ DIFEQ
(PARTIAL LISTING)

RERARTCONDUTE O RDEAG LIFT AND THTUST
CONT [N

NS A, =N
LR R S *

FLIFT ="
T T =
Do T

- L]
IFCITHR GF Loy 77 T 14as
THRIAT = Tl ™

TELITHE el T TO 153

TFOTT ; T 1RR
VP 1T =T

TE (T Twar y S0 T 1873

TFOITHR GF 204y 77 10 155

CA!L LONKT (1w T ST o TEVR DA T 4 TE P Ly LT T)
FUITE? oF 7% 5 oNR. ITHE F0. 7) 70 TG 154

TF(TTMQ.\C.SE ~OOT0 500N

Flep=nueT

PUGT=T2eT /F1aep

GO TH 154

jwaT:“*“T”

rr_cp L-{r‘ T/x,,"(’:T

SoT0 155

FISPz=fF Tapr

G0 TC 151

TELCIDR AL G TN e ANT s LTRINT o F Qa0 ) o AN e (TTHIFN

CALOMLATS Ve nCTTyY OF ATR FASS
VA2 =0,
TEMP (1Y =OMFGAX (=R TY(2Y)

TEMP(2Yy=CMFEoA%RT
TEMP (3 )=,
CALL ROTE(1.TFLP
DO 161 1=147
VAX LT )Y sUX(T)Y=TF¥P (1)
VAZ=VAX (1)
VA=SORT (VA7D)

CALL ATR
[D=r

STX (1)

s TENP)

vy ho
NV A

”f(H
“0A)

NMUMBER
DHOA:OHxA
FMACH=",

TE(RHOA GNF 40 y)
TF(FMACHGLT ]

e NFE=T7) FMACH=N,.

LOOKNE [FAG COFFFe AND COMPUTE DRAG
CALL LCOKUP (1 9DRAGTB s TEMP 4 CT s FHACH 3 LASTCD)

:’v‘Pl‘QH(‘/"" AL 2/2-
PAG=XARFEA®TOVP % Ll e+ C)
TF(}PFNT.NF, ) Gw Tﬂ 169

[ CPAG=PRACTI 373 /(141000 ¥FMACH %4 |
TEMP2=DTORE (O ¢=PFTA(RAY gVAX ) )

FORCE

Flen}))

el

FMACHZVA/SGRT(2N1 46 %¥PRESSA/RHOA)

GO

TC

167

~L7TTO0R L
01780001
N17500F1
ClRONOT 1
nlR1INNE]
Nlaznnid
nirAannel
N124000]
NIsSNCE T
nNiesONE]
Nn12700E L
GlEannkE
0L5900E
nlelons
NigzonF
OLs3nnE

[

bt ot e

nlasnng]
RS
A1eT7rn

FlQHQDEL
riceaefrl
nZnnnotl
cZrloobl
Ne0eCOF]
n203200E1]
NzNnLnpF
Cl0500E1
N2CENCE
N2n7nn0g
nZ2rgnnt

i
i pd e pd

n2z«0ntl
D22500E1
ND22600¢8 1
De2700E]
0£22800E1
0229C0E1
023000E1
0231Nn0E]L
n23200r1



‘ DIFEQ

(PARTIAL LISTING)

MAHT =VARTE R /(146445 (D1 /7 ¢=TFMP2 ) ne2zs0ctl

1A IF (T THRFN G T NeN I o MRG LI THRGEQ Ny 70 TO 167 n234n0zl
¢ 255608 1
C JONVELTE TR IST FUNCTION FOR 5 NZ36000 1
C n2A7o0E 1
THRUST = (TR U ATHAT (P RISSO=PRESSAY=DFDAR (LRAG/WOT+ AT v/ {1 8= D¢ 20001
1 DERDA/ AT nZ5o00t 1
PWET=DWAT 40N DA% ((ThPHOT=NPAG) /06T =0000) Nzannni
C n24100F 1]




100
5

;

2

4

3

SITB

CLIRRATITING “ 1T ()

COMMON  /CY Va0 (ATR) /O /YFHE1AN)
COMMON /TARLTY/DRAATE( 82y /TARLF /7 LT
TTARLFG /DT T

T

SO/ TAPLE R/ THRETE

PV ITARLERJCARVTR( S0/ TACLFA CPnaTs

FQUIVALFMCE CVARLD 96 ) LD (VAR (1S
TOVAR(192) s [THIMD {(VAR(195 ), 0T T/ﬁ 15¢
2LVAR(2773 5 TN (VAR(3H1 s  THEly (VAR (25
3IVAR(356)s Tr i)y (VAR(357)s TwlTI1) (VAR (36E
GIVAR(REE )y TNy, (VAR(Z6HT ) ATy

FOTVALFNCE (VEHC  1)s TOL1) (VFH(
TIVERC  A)s To7T00, (VEME Ry e nTr s (viHe 1
PHVEH( 170, MwrTay, (VIH( 48, (VEC 4
V(VEH( BNy, ACC T, (VFH( R XARF (ueig e
GUVFHE B8) G DWaTI0Y (VFH({ 593, THE IVFRCE
ROVEH( 64) s THR2T) (VAR(2T74L ) (VAR (27
COVEH( 53) 4w GTLESDY

DIMENSTOM TAPLTI(52) TAZ21(52) TAL3I (52,

SATA T/\nl1/?':.9«".9(".,.7_,.2‘),.3,.&..5,.6,.7,.9,.@,.’7
]1.9]oﬂc’91‘o}9107 ] Q’loﬁg?.r‘,/.RQ:.-Q.E‘,A.gE‘o,fc,
2700 g9l a8l et et T selsab 290l 0eb 90qli@gqls aalst geq"9efiT e 8
R ef 1365730620021 302 301706l 0eNTse™: 9Nay

OATA T/‘\Pz]v/:‘r?-9‘“.9"0902,0259039./49.59059.{"59-7590859
1.0591.19‘!.?91.“ 7.’\,?.’3,3.(\93.5,4.eli._t‘gcwgg(‘,\.g(?(f’.g‘l.2,1.?9

s
.Q,.(),.Q?,.?R,.?x],.2@,.32,.4,.?\(4,.66,.7@,.7(,\

-

&<

W N

0li9e38 3023606 1 9elB 089 e N/

DATA TARZ31/72%e 0N esNe3228] 4922808400265 49656174477

1 o
1T TRTEN g ABRET G a0 1RAL G ¢80 o 31110004, 1140704312477 44773451
2 V41076 40154100, 4 1874804916075 1/)/+'W’7.917°QQF‘.y]771‘\‘3.
R TRRAT 7 e 100200 43193560 49762467 63NasNes 00 42,11241942 o259
4 Zloqq9?6.7:9/1:'.?9'9’)20919:»;’0_'797-{70/797 76 7R3 g=NgBLhL g7 47

s 1?.12942.5Q9Q7.R]944.70915.4F9?7.779370919?7.77965067920.

6 164404y
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THRN=TSL]
ITHR=1
TTHFN=]
NEFNYA=C,

MO A = NN AT
ACCN=N
AT=ATI

DWGRTM=NMUATY

GOTO Enn

CHANGE §1 DATA TO REFLICT

DWGT M=o 62 T
THRN= o 5% THR?
AT=,5%1T

COTO 60N

FNTER 82 VEHICLE DATA
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CIoNE Fol ¥ale

CHANGE S2 VFHICLE DATA TC
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THRN=THRD P
~oTO ANN

CHAMGE S22 VFHICLE DATA TO
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APPENDIX B

PRINT~-QUT FOR BCMASP SIMULATION OF 209-PRT (REFERENCE 3)
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FIGURE 1 - (a) THRUST AND (b) DEVIATION IN THRUST FROM 209 PRT
VERSUS TIME FROM LAUNCH FOR BCMASP SIMULATOR
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FIGURE 2 - (a) DRAG AND (b) DEVIATION IN DRAG FROM 209 PRT
VERSUS TIME FROM LAUNCH FOR BCMASP SIMULATOR
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TABLE I

FIRST STAGE ENGINE PERFORMANCE DATA FOR SATURN IB LAUNCH VEHICLES5

NOMINAL SEA LEVEL NOMINAL Iop
VEHI CLE THRUST (POUNDS ) (SECONDS)
206 1640256 263.03
207 1656200 262.74
208 1650432 263.09
209 1650896 262.85
210 1652360 262.62
211 1652864 262.75
212 1654760 262.64

5

Data taken from non-classified section of Reference 7.



